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(57) ABSTRACT

Output stage circuit is added to the gate driving circuit of the
LCD. The output stage circuit moderates the falling slope of
the gate driving signal so as to reduce the feed-through phe-
nomenon. The output stage circuit includes a discharge cir-
cuit which discharges the voltage of the gate driving signal
with programmable speeds. The discharge circuit has a plu-
rality of discharge units which are turned on sequentially and
designed with different driving abilities. At beginning of fall-
ing of the gate driving signal, the discharge circuit discharges
the gate driving signal with lower driving ability so that the
gate driving signal falls with a lower speed. As time passes,
the falling speed of the gate driving signal increases by the
increasing of the driving ability of the discharge circuit. The
entire falling period of the gate driving signal is prolonged by
the output stage circuit and the feed-through phenomenon is
eased.

10 Claims, 15 Drawing Sheets

350
!

Source driving circuit

|
|
' Output ' SG | e
I —— stage ! . v+ e ————GL
I circuit ' o] T . m
I S I TFT TFT
340 | | IR IR
2 | 30 |
| |
Timing o [
controller I I
| |
e
| 2 |
I Output I SG
| — stage T . as s GL
| circuit |
TFT TFT
| |
L N VY vy

SL



US 9,078,301 B2

Sheet 1 of 15

Jul. 7, 2015

U.S. Patent

LV HOIdd 1T OI4

WW . NNDIID
. m.Ez.% J13]10J3U0D
s— o aurwr |
»—F =] o
oS N )
0€l orl
UNJID
SUIALID
321N0S
N — - - - /i
0SI _ 1NDIID ! UNDID
[ _ uone|nNpPoN __ | 13M0d
\\ - - = —_ \\
/ N / !
Ol 0zl
\\ — I A —— 0A
001



U.S. Patent Jul. 7, 2015 Sheet 2 of 15 US 9,078,301 B2

Normal (VO)
Operation

Modulation
Operation

FIG. 2 PRIOR ART



US 9,078,301 B2

Sheet 3 of 15

Jul. 7, 2015

U.S. Patent

1S 1S

2 22

LAL LAL !
._||._|J|W.. ._||._|J|W.. _ NNOILO
19 1 e 1 ° _ J3B1S
OS _ ndino
[
D
| 0¢
[
_
[
[
_
0¢
W W LAL W W LAL " w
._||._||._|W. ._||._||._L.|o _ LIIBAS
19 1 v 1 ° I a3e)s
...... Um _ H.SQ.:JQ

DI SUIALIP 92IN0S

(

0G€

[ JINDJID SUIALIP 9)BX)

_|||I.MII|_

0€€

19]]0J3U0D
suru .

ore

/ 00€




US 9,078,301 B2

Sheet 4 of 15

Jul. 7, 2015

U.S. Patent

d& OIA

_ |||||||| —

S e N pun || VA TEA

_ | a3.1eydsi(] a3.1eydsi(] |_

. J lllll =T -

! uge [€€ HOOILO

T * 1013U0)
> !

_ _ nun | (

_ drey) [ —=— [€

28~ A5——31 VA

Oe™ (~ 1

| [eg [SA



U.S. Patent Jul. 7, 2015 Sheet 5 of 15 US 9,078,301 B2

T0

Discharge unit

331~33n
SG ——=

VB1~VBn

F1G. 4



US 9,078,301 B2

Sheet 6 of 15

Jul. 7, 2015

U.S. Patent

G OId

r - - - - - - - - - - - -V - - - - - - = 1
_ Mmk/ _
| o o |
_ ¢SA ¢SA _
g | JINDIID !

_ I 288~ e~ 11— 777 e
| Lo D [T 1A [0-RUOD |
NS _ 1 ) _
| I B |
| | lee~—{Pr— e |
| P S i | VA |
0§~ L ISA |
L - - _— _— _ __ o o == 1




US 9,078,301 B2

Sheet 7 of 15

Jul. 7, 2015

U.S. Patent

TO

Charge unit 332

VA
VBI
VB2

FIG. 6



US 9,078,301 B2

Sheet 8 of 15

Jul. 7, 2015

U.S. Patent

L OI4d

r- - - - - - - - - - - - - - - = —

_ _

| ~zSh ! |

_ _ _ _

A e

" 1) ﬁﬁmn _L‘l_ ﬂmﬂ/ OO0 _

_ - = |- jonuoy [~ _

OS _ ! _
_ L, { _

| | e~ {Pr— 1L |

| 7 )~ o VA |
0L~ L _ ISA |
L - - - - - = = _




US 9,078,301 B2

Sheet 9 of 15

Jul. 7, 2015

U.S. Patent

VSl1
SG —=

FIG. 8



US 9,078,301 B2

Sheet 10 of 15

Jul. 7, 2015

U.S. Patent

6 OId

S
_ - - _
_ o jun l_ E _
_ | adreyosiq| |
| Mu@/\_l N| 4 — |_ |
| 1$6 1INDJ1D [
_ Nvm ¢ H * [013U0) |
_ 4 - — — — — |- = — — 4 — _
_ _I nun nun nun l_ N _
_ a3.1ey) a3.1ey) a3.1ey) [6 _
|| S [ S ) - — c<>zﬁ<>
i S !
| ug6 [SA cc6 ISA [¢c6 ISA !



US 9,078,301 B2

Sheet 11 of 15

Jul. 7, 2015

U.S. Patent

TO T T2 ... Tn|

N7
2
o2

ho%

NN
KR
QRS

/
%
5%

o

X

2

¢
X

6%%e%

&%

5

NSNS
&KX
1o

/
K2

%
bedede

<2

20

QKA
0.

N
%

%
038

20!

R
et

>

2

X2

0%

"

RIS
XK
KXY

N
X

%
5%

5%

TR
2

55

P %Y
006 %

VA1~VAn

VB

F1G. 10



US 9,078,301 B2

Sheet 12 of 15

Jul. 7, 2015

U.S. Patent

[T OI4

el B
| o ZsA | |
_ o _ _ dA |
| 186~ H — |
_ I _| _
_ NN2IID
_ M<|> [013U0)) _

NS | I e N |
_ [ _
_ 226~ 126~ pr—== [ _
| 76— | [VA _

06—~ Lo ISA o ISA |
L - - _— _ _ _ __ __ o o o = _



US 9,078,301 B2

Sheet 13 of 15

Jul. 7, 2015

U.S. Patent

Charge unit

VSI == -~
SG ——=
VS2

VAI

VA2

VB

F1G. 12



US 9,078,301 B2

Sheet 14 of 15

Jul. 7, 2015

U.S. Patent

&1 OId

r-- - - - - - - - - - - - - - = —
| o |
| ZSA 4 |
| |
] _—
_ o1 mmﬁ ; o |
_ - 10.1U0) _
OS _ ! ] _
e
! MNQ\/\H_ [0S |
| | |  —— |
Cozoel~ Lo YA |
008 [~ L ISA |
L - - - - == = _



US 9,078,301 B2

Sheet 15 of 15

Jul. 7, 2015

U.S. Patent

TTT T TAT T T T T T T T T TS

VSl ----

|
|
B N U UG G U
|
|
|
|
|
| e
1 e
| £
|
| \./V..m
| @]
1 ]
| «B]
X w
|
|
|
|||||||||||||||||||||||||| Lo oo
|
— |
= _ ©
AN _ 5
(e 1 T
= _ rm
I |
o |
|
||||||||||||||||||||| P o]
|
|
|
|
[a|
17, < [aa)
\ﬁ = - -
S
€]

FIG. 14



US 9,078,301 B2

1
OUTPUT STAGE CIRCUIT FOR GATE
DRIVING CIRCUIT IN LCD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an output stage circuit for
gate driving circuit in an LCD, and more particularly, to an
output stage circuit for gate driving circuit in an LCD for
reducing the feed-through effect phenomenon.

2. Description of the Prior Art

In liquid crystal displays (LCDs), if a gate driving signal
outputted from the gate driving circuit falls too fast, which
means its falling edge is too sharp, the Gamma data stored
therein become incorrect, because the effect of feed-through
phenomenon thought parasitic capacitance. More specifi-
cally, if the voltage of the gate driving signal drops too fast,
the signal will be coupling to the thin film transistors of the
pixels corresponding to the gate line through the intrinsic
capacitors of the thin film transistors, causing the final voltage
on the liquid crystal particle differs from the voltage the
source driving circuit writes. Such phenomenon is called
feed-through phenomenon.

FIG. 1 shows a conventional modulation mechanism to
solve the feed-through phenomenon. Inthe LCD 100, a power
circuit 120 provides a fixed voltage VO, a timing controller
140 controls a gate driving circuit 130 and a source driving
circuit 150. To solve the feed-through phenomenon, a modu-
lation circuit 110 is added in the LCD 100 to modulate the
waveform of the output voltage VO from the power circuit
120 to be modulated VM. Then the modulated voltage VM is
provided to the gate driving circuit 130 as its supply voltage.
The modulation circuit 110 is also controlled by the timing
controller 140. More particularly, when the timing controller
140 controls the gate driving circuit 130 to lower the gate
driving signal SG, the modulation circuit 110 is also con-
trolled to modulate the output voltage VO lowered as shown
in FIG. 1 (to become the modulated voltage VM). Conse-
quently, the final voltage supplied to the gate driving circuit
130 drops when the gate driving circuit 130 lowers the gate
driving signal SG. In this way, the ability of the gate driving
circuit 130 is decreased, and thus the slope of the gate driving
signal SG becomes more moderate.

FIG. 2 shows the waveform of the gate driving signal SG
before/after the output voltage VO is modulated. FIG. 2A
shows the output voltage VO is not modulated, causing the
gate driving signal SG falls sharply. FIG. 2B shows the output
voltage VO is modulated to be the modulated voltage VM and
then is supplied to the gate driving circuit 130. In FIG. 2B, the
gate driving signal SG falls moderately by the drop of the
supplied voltage (VM).

However, to solve the feed-through phenomenon, an LCD
has to be added with the modulation circuit, causing wasting
on total power consumption and cost of the LCD, which is
inconvenient for users.

SUMMARY OF THE INVENTION

The present invention provides an output stage circuit for a
gate driving circuit in a liquid crystal display (LCD). The
output stage circuit comprises a charge unit, coupled to a gate
line of the gate driving circuit for charging the gate line with
afirst supply voltage; a first discharge unit, coupled to the gate
line of the gate driving circuit for discharging the gate line to
a second supply voltage; a second discharge unit, coupled to
the gate line of the gate driving circuit for discharging the gate
line to the second supply voltage; and a control circuit for
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2

controlling the charge unit, the first and the second discharge
units according to a timing controller of the LCD; wherein the
control circuit sequentially turns on the first and the second
discharge units.

The present invention further provides an output stage
circuit for a gate driving circuit in a liquid crystal display
(LCD). The output stage circuit comprises a discharge unit,
coupled to a gate line of the gate driving circuit for discharg-
ing the gate line to a first supply voltage; a first charge unit,
coupled to the gate line of the gate driving circuit for charging
the gate line with a second supply voltage; a second charge
unit, coupled to the gate line of the gate driving circuit for
charging the gate line with the second supply voltage; and a
control circuit for controlling the first and the second charge
units, and the discharge circuit according to a timing control-
ler of the LCD; wherein the control circuit sequentially turns
on the first and the second charge units.

The present invention further provides an output stage
circuit for a gate driving circuit in a liquid crystal display
(LCD). The output stage circuit comprises a charge unit,
coupled to a gate line of the gate driving circuit for charging
the gate line with a first supply voltage; a discharge unit,
coupled to the gate line of the gate driving circuit for discharg-
ing the gate line to a second supply voltage; and a control
circuit for controlling the charge and the discharge units
according to a timing controller of the LCD; wherein the
control circuit turns on the discharge unit with a first degree
for a first predetermined period and then with a second degree
for a second predetermined period when the timing controller
controls the gate driving circuit to decrease a voltage on the
gate line; wherein driving ability of the discharge unit turned
on with the first degree is lower than driving ability of the
discharge unit turned on with the second degree.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional modulation mechanism to
solve the feed-through phenomenon.

FIG. 2 shows the waveform of the gate driving signal
before/after the output voltage is modulated.

FIG. 3A shows an LCD according to an embodiment of the
present invention.

FIG. 3B shows an output stage circuit for modulating gate
driving signals according to a first embodiment of the present
invention.

FIG. 4 shows operation principle of the output stage circuit
of FIG. 3B.

FIG. 5 shows an example of the output stage circuit of the
first embodiment of the present invention.

FIG. 6 shows operational principle of the exemplary output
stage circuit of FIG. 5.

FIG. 7 shows an output stage circuit for modulating gate
driving signals according to a second embodiment of the
present invention.

FIG. 8 shows operation principle of the output stage circuit
of FIG. 7.

FIG. 9 shows an output stage circuit for modulating gate
driving signals according to a third embodiment of the present
invention.

FIG. 10 shows operation principle of the output stage cir-
cuit of FIG. 9.
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FIG. 11 shows an example of the output stage circuit of the
third embodiment of the present invention.

FIG. 12 shows operational principle of the exemplary out-
put stage circuit of FIG. 11.

FIG. 13 shows an output stage circuit for modulating gate
driving signals according to a fourth embodiment of the
present invention.

FIG. 14 shows operation principle of the output stage cir-
cuit of FIG. 13.

DETAILED DESCRIPTION

FIG. 3A shows an LCD 300 according to an embodiment of
the present invention. The LCD 300 comprises a panel, a gate
driving circuit 330, a timing controller 340 and a source
driving circuit 350. The panel comprises a plurality of gate
lines GL, a plurality of source lines SL, and transistors TFT.
The gate driving circuit 330 comprises a plurality of output
stage circuit 30 each corresponding to a gate line GL. Please
refer to FIG. 3B, which illustrates a schematic diagram of one
of'the output stage circuits 30 shown in FIG. 3A according to
a first embodiment of the present invention. The output stage
circuit 30 is utilized for modulating gate driving signals, and
is coupled to one gate line GL in the gate driving circuit 330.
The output stage circuit 30 comprises a control circuit 31, a
charge circuit 32, and a discharge circuit 33. In this embodi-
ment, the charge circuit 32 comprises a single charge unit
321, and the discharge circuit 33 comprises a plurality of
discharge units 331-33#%. Besides, the supply voltage VS1 is
higher than the supply voltage VS2.

The timing controller 340 controls the gate driving circuit
330, the source driving circuit 350, and the control circuit 31
of the output stage circuit 30. The control circuit 31 controls
the charge circuit 32 to charge to the gate line GL, and con-
trols the discharge circuit 33 to discharge to the gate line GL.
More specifically, the control circuit 31 controls the charge
unit 321 of the charge circuit 32 by a control signal VA, and
controls the discharge units 331-33# of the discharge circuit
33 by n control signals VB1~VBn.

When the timing controller 340 controls the gate driving
circuit 330 to charge the gate line GL, the control circuit 31
controls the charge unit 321 of the charge circuit 32 to charge
the gate line GL as well. When the timing controller 340
controls the gate driving circuit 330 to discharge the gate line
GL, the control circuit 31 controls the discharge units 331-
33n of the charge circuit 33 to discharge the gate line GL
respectively. The control circuit 31 adjusts the driving ability
of the discharge circuit 33 by selectively turning on a prede-
termined number of the discharge units 331-33n. For
example, the driving ability is maximized when all discharge
units 331-33# are turned by the control circuit 31 to discharge
the gate line GL, and the driving ability is minimized when all
discharge units 331-33# are turned off by the control circuit
31. By adjusting the driving ability of the discharge circuit 33,
the falling slope of the voltage drop on the gate line GL (the
gate driving signal SG) becomes moderately.

FIG. 4 shows operation principle of the output stage circuit
30 of FIG. 3B. When the timing controller 340 controls the
gate driving circuit 330 to charge the gate line GL, the control
circuit 31 controls the charge unit 321 of the charge circuit 32
to charge the gate line GL by the control signal VA with the
supply voltage VS1. Consequently, the voltage of the gate
driving signal SG increases as shown in FIG. 4. Since only
one charge unit is disposed in the charge circuit 32, the rising
slope of the voltage of the gate driving signal SG keeps the
same.
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When the timing controller 340 controls the gate driving
circuit 330 to discharge the gate line GL, the control circuit 31
controls the discharge units 331-33% of the charge circuit 33
to discharge the gate line GL sequentially. As shown in FIG.
4, during the period T1, the control signals VB1 controls the
discharge unit 331 to discharge the gate line GL; during the
period T2, the control signals VB2 controls the discharge unit
332 to discharge the gate line GL; . . . ; during the period Tn,
the control signals VBn controls the discharge unit 33 to
discharge the gate line GL. The driving abilities of each
discharge units 331-33# are designed preferably to be differ-
ent. Optionally, the driving ability of the discharge unit 337 is
higher than that of the discharge unit 33(»-1), the driving
ability of the discharge unit 33(7-1) is higher than that of the
discharge unit 33(»-2); . . . ; the driving ability of the dis-
charge unit 332 is higher than the of the discharge unit 331. In
this way, the voltage of the gate driving signal SG does not
drop too fast at beginning, and gets faster and faster. Conse-
quently, the falling slope of the gate driving signal SG will not
be too sharp, so as to avoid the feed-through phenomenon.

FIG. 5 shows an example of the output stage circuit 30 of
the first embodiment of the present invention, with the num-
ber n being set to 2. The charge unit 321 can be realized with
a P-type metal oxide semiconductor (PMOS) transistor,
coupled to the gate line GL for charging the gate line GL with
the supply voltage VS1. The discharge circuit 33 comprises
two discharge units 331 and 332. The discharge unit 331 can
be realized with an NMOS transistor, coupled to the gate line
GL for discharging the gate line GL to the supply voltage
VS2. The discharge unit 332 can be realized with an NMOS
transistor, coupled to the gate line GL for discharging the gate
line GL to the supply voltage VS2.

FIG. 6 shows operational principle of the exemplary output
stage circuit of FIG. 5. Especially, the driving ability of the
discharge unit 332 is designed to be higher than that of the
discharge unit 331. When the timing controller 340 controls
the gate driving circuit 330 to charge the gate line GL (the gate
driving signal SG rises), the control circuit 31 controls the
charge unit 321 of the charge circuit 32 to charge the gate line
GL. As shown in FIG. 6, the control signal VA drops, the
charge unit 321 is fully turned on to charge the gate line GL.
with the supply voltage VS1. Since only one charge unit is
disposed in the charge circuit 32 and is fully turned on, the
rising slope of the gate driving signal SG keeps the same.

When the timing controller 340 controls the gate driving
circuit 330 to discharge the gate line GL (the gate driving
signal SG falls), the control circuit 31 controls the discharge
units 331 and 332 of the charge circuit 33 to discharge the gate
line GL sequentially. As shown in FIG. 6, during the period
T1, the control signal VB1 fully turns on the discharge unit
331 for discharging the gate line GL to the supply voltage VS2
and the control signal VB2 turns off the discharge unit 332;
during the period T2, the control signal VB1 turns off the
discharge unit 331 and the control signal VB2 fully turns on
the discharge unit 332 for discharging the gate line GL to the
supply voltage VS2.

In this way, since the driving ability of the discharge unit
331 is lower than that of the discharge unit 332, the gate
driving signal SG during the period T1 drops slower than
during the period T2. Overall, the falling slope of the gate
driving signal SG becomes moderate, which eases the feed-
through phenomenon.

FIG. 7 shows an output stage circuit 70 for modulating gate
driving signals according to a second embodiment of the
present invention. The output stage circuit 70 can be substi-
tute for the output stage circuits 30 shown in FIG. 3A, and
thus, is also coupled to a gate line GL in the gate driving
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circuit 330. The output stage circuit 70 comprises a control
circuit 71, a charge circuit 72, and a discharge circuit 73. In
this embodiment, the charge circuit 72 comprises a single
charge unit 721, and the discharge circuit 33 comprises a
single discharge unit 731.

FIG. 8 shows operation principle of the output stage circuit
70 of FI1G. 7. The operational principle of the charge circuit 72
is same as the charge circuit 32 and is omitted for brevity. The
control circuit 71 adjusts the driving ability of the discharge
unit 731 by adjusting the voltage of the control signal VB1.
When the timing controller 340 controls the gate driving
circuit 330 to discharge the gate line GL, first, during the
period T1, the control circuit 71 controls the voltage of the
control signal VB to a first level so that the discharge unit 731
discharges the gate line GL with a first speed (which means
the discharge unit 731 is not fully turned), and second, during
the period T2, the control circuit 71 controls the voltage of the
control signal VB to a second level so that the discharge unit
731 discharges the gate line with a second speed (which
means the discharge unit is fully turned), wherein the first
speed s slower than the second speed. As shown in FIG. 8, the
falling slope of the gate driving signal SG becomes moderate
by adjusting the voltage of the control signal VB for the
discharge circuit 73. In this way, the voltage of the gate
driving signal SG does not drop too fast at beginning, and gets
faster later. Consequently, the falling slope of the gate driving
signal SG will not be too sharp, so as to avoid the feed-
through phenomenon as well.

FIG. 9 shows an output stage circuit 90 for modulating gate
driving signals according to a third embodiment of the present
invention. The output stage circuit 90 can be substitute for the
output stage circuits 30 shown in FIG. 3A, and thus, is also
coupled to a gate line GL in the gate driving circuit 330. The
output stage circuit 90 comprises a control circuit 91, a charge
circuit 92, and a discharge circuit 93. In this embodiment, the
charge circuit 92 comprises a plurality of charge units 921-
92n, and the discharge circuit 93 comprises a single discharge
unit 931.

The driving abilities of each charge units 921-92n are
designed preferably to be different. Optionally, the driving
ability of the charge unit 92% is lower than that of the charge
unit 92(n-1), the driving ability of the charge unit 92(»-1) is
lower than that of the charge unit 92(»-2); . . . ; the driving
ability of the charge unit 922 is lower than the of the charge
unit 921.

FIG. 10 shows operation principle of the output stage cir-
cuit 90 of FIG. 9. The output stage circuit 90 operates simi-
larly to the output stage circuit 30, and can be easily inferred
for the person skilled in the art after reading the description
for FIG. 3B and FIG. 4. Therefore, description for FIG. 9 and
FIG. 10 is omitted for brevity.

FIG. 11 shows an example of the output stage circuit 90 of
the third embodiment of the present invention, with the num-
ber nbeing setto 2. FIG. 12 shows operational principle of the
exemplary output stage circuit of FIG. 11. The output stage
circuit 90 in FIG. 11 operates similarly to the output stage
circuit 30, and can be easily inferred for the person skilled in
the art after reading the description for FIG. 5 and FIG. 6.
Therefore, description for FIG. 11 and FIG. 12 is omitted for
brevity.

FIG. 13 shows an output stage circuit 1300 for modulating
gate driving signals according to a fourth embodiment of the
present invention. FIG. 14 shows operation principle of the
output stage circuit 1300 of FIG. 13. The output stage circuit
1300 can be substitute for the output stage circuits 30 shown
in FIG. 3A, operates similarly to the output stage circuit 70,
and can be easily inferred for the person skilled in the art after
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reading the description for FIG. 7 and FIG. 8. Therefore,
description for FIG. 13 and FIG. 14 is omitted for brevity.

Furthermore, the output stage circuit of the present inven-
tion can be realized in the gate driving circuit. In other words,
the output stage circuit of the present invention and the gate
driving circuit can be manufactured in the same chip for
reducing the cost and saving the power. The amount of the
output stage circuits disposed in the LCD can be decided by
the number of the gate lines of the LCD, which means if the
resolution of the LCD is higher, the amount of the output
stage circuits become more.

Additionally, the first embodiment of the output stage cir-
cuit of the present invention and the third embodiment of the
output stage circuit of the present invention can be combined
to form another embodiment wherein both of the charge and
the discharge circuits have a plurality of charge/discharge
units. In this way, the waveform of the gate driving signal will
be more flexible.

Although in the description for the output stage circuit of
the present invention, the control circuit is controlled by the
timing controller, the control circuit can also be controlled by
the gate driving circuit. In other words, the output signals
from the gate driving circuit can be as the input for the control
circuit. The control circuit then controls the charge/discharge
circuit according to the signals received from the gate driving
circuit instead.

To sum up, the output stage circuit of the present invention
reduces the LCD feed-through phenomenon by programming
the falling slope of the gate driving signals. The falling slope
of the gate driving signals can be adjusted by turning on
different numbers of the discharge circuits of the output stage
circuit or turning on the discharge circuit of the output stage
circuit with different degrees. Besides, the output stage circuit
of the present invention also adjusts the rising slope of the
gate driving signals, providing much more flexibility for
users.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. An output stage circuit for a gate driving circuit in a
liquid crystal display (LCD), the output stage circuit com-
prising:

a charge unit, coupled to a gate line of the gate driving
circuit for charging the gate line with a first supply
voltage;

a first discharge unit, coupled to the gate line of the gate
driving circuit for discharging the gate line from the first
supply voltage to a specific voltage between the first
supply voltage and a second supply voltage;

a second discharge unit, coupled to the gate line of the gate
driving circuit for discharging the gate line from the
specific voltage to the second supply voltage; and

a control circuit for controlling the charge unit, the first and
the second discharge units according to a timing con-
troller of the LCD.

2. The output stage circuit of claim 1, wherein the first

supply voltage is higher than the second supply voltage.

3. The output stage circuit of claim 1, wherein when the
timing controller controls the gate driving circuit to charge a
voltage on the gate line, the control circuit turns on the charge
unit for charging the gate line with the first supply voltage.

4. The output stage circuit of claim 1, wherein driving
ability of the first discharge unit is different from driving
ability of the second discharge unit.

5. The output stage circuit of claim 1, wherein when the
timing controller controls the gate driving circuit to discharge
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a voltage on the gate line, the control circuit turns on the first
discharge unit for a first predetermined period and turns off
the second discharge unit within the first predetermined
period, and then turns on the second discharge unit for a
second predetermined period and turns off the first discharge
unit within the second predetermined period.

6. The output stage circuit of claim 1, wherein the control
circuit sequentially turns on the first and the second discharge
units.

7. An output stage circuit for a gate driving circuit in a
liquid crystal display (LCD), the output stage circuit com-
prising:

a charge unit, coupled to a gate line of the gate driving
circuit for charging the gate line with a first supply
voltage;

a discharge unit, coupled to the gate line of the gate driving
circuit for discharging the gate line to a second supply
voltage; and

a control circuit for controlling the charge and the dis-
charge units according to a timing controller of the LCD;
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wherein the control circuit turns on the discharge unit with
a first degree for a first predetermined period to dis-
charge the gate line from the first supply voltage to a
specific voltage between the first supply voltage and the
second supply voltage and with a second degree for a
second predetermined period to discharge the gate line
from the specific voltage to the second supply voltage
when the timing controller controls the gate driving
circuit to decrease a voltage on the gate line.

8. The output stage circuit of claim 7, wherein the first
supply voltage is higher than the second supply voltage.

9. The output stage circuit of claim 7, wherein when the
timing controller controls the gate driving circuit to charge
the voltage on the gate line, the control circuit turns on the
charge unit for charging the gate line with the first supply
voltage.

10. The output stage circuit of claim 7, wherein driving
ability of the discharge unit turned on with the first degree is
lower than driving ability of the discharge unit turned on with
the second degree.



